Maspin is a serine protease inhibitor with tumor suppression activity. It is expressed in normal breast and prostate tissue but is downregulated or absent in breast and prostate tumors. Recent reports have shown that decreased expression is associated with a greater propensity for metastasis in oral squamous cell carcinomas. We know that some high-grade cervical intraepithelial neoplasia progress to invasive carcinomas while others either persist at the same degree of atypia or regress. The pattern of maspin expression in cervical intraepithelial neoplasia-grade 3, microinvasive squamous carcinomas and overtly invasive squamous cell carcinomas of the uterine cervix was studied to determine the relationship between the extent of maspin expression and the progression of cervical intraepithelial neoplasia to squamous cell carcinoma. In total, 36 cases were evaluated: 18 cases of cervical intraepithelial neoplasia-grade 3, seven cases of microinvasive squamous cell carcinoma and 11 cases of invasive squamous cell carcinoma. A monoclonal antibody was used on paraffin-embedded tissues. Immunoreactivity was scored semiquantitatively using a scale of 0-3. The sums of the scores of the different groups were compared using the Mann-Whitney U-test. A significant decrease in maspin scores was noted between cervical intraepithelial neoplasia-grade 3 vs invasive squamous cell carcinoma (Po0.005), microinvasive squamous cell carcinoma vs invasive squamous cell carcinoma (Po0.05), and cervical intraepithelial neoplasia-grade 3 vs tumor emboli (Po0.005). Although not statistically significant, scores of cervical intraepithelial neoplasia-grade 3 associated with invasive squamous cell carcinoma were lower compared to that cervical intraepithelial neoplasia-grade 3 without invasive squamous cell carcinoma. These findings suggest that maspin likely plays a role in disease progression from in situ to invasive carcinoma. Virtual absence of maspin immunopositivity in tumor emboli indicates that maspin may also play a role in metastasis. 1 It is a member of the serine protease inhibitor serpin superfamily and is located at 18q21.3, along with other serpin genes such as squamous cell carcinoma antigens 1 and 2 and PAI-2.
Maspin was identified as a tumor suppressor gene by subtractive hybridization from normal mammary epithelial cells. 1 It is a member of the serine protease inhibitor serpin superfamily and is located at 18q21.3, along with other serpin genes such as squamous cell carcinoma antigens 1 and 2 and PAI-2.
2 Accumulated evidence has demonstrated its role as a tumor suppressor that both inhibits cell motility and enhances the capacity for invasion and metastasis in breast cancer. [3] [4] [5] [6] [7] [8] In addition, maspin expression is downregulated in prostate carcinoma cell lines and is frequently absent in primary prostate cancers. [8] [9] [10] [11] [12] [13] Recent studies showed the regulation of maspin in response to androgen ablation of prostate cancer, which strongly implies that maspin plays a physiological role in growth inhibition 9 and engenders a sensitizing effect on apoptosis.
14 Oral squamous cell carcinomas that are immunopositive for maspin show a longer disease-free interval and overall survival period than tumors negative for maspin. Similarly, decreased maspin expression may significantly enhance the metastatic potential of stage I and II squamous cell carcinomas 15, 16 of the tongue. At present, the molecular and biological mechanisms of maspin functions are still unclear, although maspin was overexpressed in some tumors, including ovarian, pancreatic and gastric adenocarcinomas. [17] [18] [19] [20] The paradoxical expression of maspin in different types of tumors may provide new insights regarding the role of maspin in tumor progression, diagnosis and treatment strategies.
Cervical intraepithelial neoplasia (CIN) is very common in the uterine cervix. CIN represents preinvasive intraepithelial lesions that can either spontaneously regress to normal epithelium, persist at a certain degree of atypia, or progress to invasive cancer. In a relatively recent study, patients who were diagnosed cytologically and then followed cytologically and colposcopically (thereby eliminating the 'biopsy effect') confirmed the progression of preinvasive lesions to CIN 3 in 40-60% of patients. 21 No studies have been performed to determine the expression of maspin in association with the regression or progression of CIN 3 of the uterine cervix. The aim of our study was to evaluate maspin expression in CIN 3, and microinvasive and invasive squamous cell carcinomas of the uterine cervix to determine if any relationship exists between maspin expression and the progression of CIN 3 to invasive squamous carcinoma.
Materials and methods
A total of 18 cases of CIN 3: seven cases of 'microinvasive' squamous cell carcinoma and 11 cases of invasive squamous cell carcinoma of the uterine cervix from the period 2001-2002, were retrieved from the archival files of the Department of Pathology, Women and Infants Hospital, Providence, RI. Microinvasive squamous carcinoma was defined according to the histologic criteria set forth by The Society of Gynecological Oncologists (SGO), namely 'one in which neoplastic epithelium invades the stroma in one or more places to a depth of 3 mm or less below the basement membrane of the epithelium and in which lymphatic or blood vascular involvement is not demonstrated. 22 Formalin-fixed, paraffin-embedded tissue blocks were sectioned at 5-mm intervals, deparaffinized in ProPar clearant (Anatech Ltd, Battle Creek, MI, USA) twice for 10 min, and hydrated gradually through graded alcohols (100% ethanol twice and 95% ethanol twice). To enhance the immunostaining, an antigen retrieval procedure was performed. The deparaffinized sections were placed in a thermoresistant container filled with glycine-EDTA, pH 3.5, steamed for 15 min, and then cooled for 20 min before immunostaining. The sections were sequentially incubated in 1.5% normal blocking serum in PBS, 1:500 dilutions of monoclonal maspin antibody (Santa Cruz, CA, USA), biotinylated secondary antibody, and avidin-biotinylated peroxidase. After a final wash with PBS, chromogenic detection and hematoxylin counterstain were performed.
Two pathologists (CX, MRQ) reviewed the slides independently to evaluate the maspin expression. Characteristic cytoplasmic granular staining is considered positive and the immunoreactivity was scored using a scale of 0-3 based on the percentage of positive cells, intensity of staining and heterogeneity of staining (Table 1 ). When CIN 3 is noted adjacent to invasive squamous cell carcinoma, both the CIN 3 and invasive squamous cell carcinoma are scored separately. The sums of the scores from the different test groups were statistically compared using the Mann-Whitney U-test.
Results
Of the 18 cases of CIN 3, 15 exhibited moderate-tostrong maspin expression (immunoreactivity scores Z5) while three cases showed weak maspin expression (immunoreactivity scores: 3-4) (Figure 1a) . Six of the seven microinvasive squamous cell carcinomas expressed moderate staining for maspin (immunoreactivity scores: 4-5) (Figure 1b) , whereas one case strongly expressed maspin with an immunoreactive score of 7. Eight of the 11 cases of invasive squamous cell carcinoma showed only weak maspin expression (immunoreactive scores r4) (Figure 1c ). Two cases of invasive squamous cell carcinoma had adjacent CIN 3. Maspin scores of the CIN 3 in these two cases were 4 in each case. Four cases of invasive squamous cell carcinoma exhibited vascular space invasion. Interestingly, maspin expression in the 'intravascular tumor emboli' was very weak to virtually negative (Figures 1d). The mean and median ages of the patients with invasive squamous cell carcinomas were almost 20 years older than those of the patients with CIN 3 and microinvasive squamous cell carcinomas ( Table 2) .
The Mann-Whitney U-test was performed to compare the maspin expression among CIN 3, microinvasive, and invasive squamous cell carcinomas of the uterine cervix. Maspin expression in CIN 3 and microinvasive squamous cell carcinoma was significantly stronger than that in invasive squamous cell carcinoma (Po0.005, o0.05, respectively). However, maspin expression between CIN 3 and microinvasive squamous cell carcinoma was not significantly different. The low expression of maspin observed in intravascular tumor emboli is statistically significant when compared with CIN 3 and microinvasive squamous cell carcinoma (Po0.005) ( Table 3 ). There was no significant difference in maspin expression between invasive squamous cell carcinoma and intravascular tumor emboli. 
Discussion
Carcinoma of the uterine cervix was the leading cause of death from malignant disease in American women 50 years ago. Worldwide, cervical cancer is second only to breast cancer as the most common cancer in terms of both incidence and mortality rate. However, the mortality rate from cervical carcinoma has declined by more than half since the Papanicolaou smear was introduced for cytological screening in the 1940s. Yet despite the advances, cervical cancer is still the third most common malignancy of the female genital tract and the sixth most common solid cancer in women. Each year there are approximately 12 800 new cases of invasive cervical 25 Maspin, a member of the serine protease inhibitors (serpins) super family, was originally identified in normal human breast epithelial and myoepithelial cell lines.
1 Loss of maspin expression is found in some advanced tumors such as breast cancer and prostate cancers.
3-5,10 However, overexpression of maspin is also seen in other tumors, for example, ovarian, pancreatic and gastric carcinomas. [17] [18] [19] [20] The paradoxical expression of maspin in different tumors is intriguing and most probably reflects the variation in pathogenesis of tumors of different organs of the body. It is interesting that maspin is not expressed in normal human pancreas and acquires its expression during tumorigenesis, 26 similarly normal ovarian surface epithelial cells shows only low level of maspin expression. 17 It is possible that the tissues that normally do not express maspin and express only low level of maspin, show an elevated maspin level during tumorigenesis.
Although the mechanism of its biological function is presently unclear, many studies have demonstrated that maspin is directly regulated by p53 27 and inhibits tumor cell motility, invasion and metastasis 1,3-8,11 as well as tumor angiogenesis. 28 These findings support the significance of maspin in the process of tumor progression. As in other neoplasms, the progression of CIN 3 to invasive cervical squamous cell carcinoma requires the attainment of certain properties that permit and enhance the capacity for tumor invasiveness and metastasis. Besides the kinetics of tumor cell growth and tumor angiogenesis, factors that alter extracellular matrix interactions are also essential for malignant potential. Maspin shares sequence homology with other inhibitory serpins such as plasminogen type-1 and -2 (PAI-1 and PAI-2). PAI-1 and PAI-2, inhibitors of urokinase-type plasminogen activator (uPA), work to decrease cell invasion by inhibiting the proteolytic degradation of extracellular matrix. uPA affects cell migration and spreading in vivo, as well as in vitro, through the activation of plasminogen and other protein factors at the cell surface or within the extracellular matrix. Sheng et al have demonstrated that maspin interacts with single-chain tissue plasminogen activator (sctPA), forming a stable complex that specifically inhibits sctPA. The latter suggests a mechanism by which maspin may regulate sctPA activity on the cell surface. 29 Indeed, a recent report found a direct interaction between exogenous (or cell surface) maspin and extracellular matrix collagen. 30 Such findings suggest that maspin may also have a cell adhesion role to prevent tumor cell migration and angiogenesis.
In the present study, a significantly diminished level of maspin expression was observed between CIN 3 vs invasive squamous cell carcinoma (Po0.005), microinvasive vs invasive squamous cell carcinoma (Po0.05), and CIN 3 vs tumor emboli (Po0.005). Diminished maspin expression is not identified between normal squamous epithelium and CIN 3 (Figure 1a) . The level of maspin expression in microinvasive squamous cell carcinoma is lower than in CIN 3, but the difference is not statistically significant. However, there appears to be a trend that might achieve statistical significance if larger number cases are examined. Diminished maspin expression (median maspin score ¼ 4) is found in two cases of CIN 3 adjacent to invasive squamous cell carcinoma compared to cases of CIN 3 without invasive carcinoma (median maspin score ¼ 7). However, larger number of cases needs to be examined to confirm the finding. Maspin expression in tumor emboli within vessels was virtually absent. Our findings suggest that loss of maspin expression is not an early event in tumor transformation but rather, it plays a role in disease progression from CIN 3 to invasive squamous cervical carcinoma, and possibly even metastasis.
In conclusion, maspin may be a potentially useful marker to identify the potential for progression in cervical intraepithelial squamous lesions, since lower immunoreactivity scores are found in CIN 3 associated with invasive carcinoma as compared to CIN 3 without invasion. The virtual absence of maspin in tumor emboli of squamous carcinoma may support a role for maspin in metastasis.
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